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Abstract

This paper reviews the progress in hydrodynamic modeling of the Great Lakes
made in recent years, specifically numerical modeling of circulation and thermnal
structure. We examine three closely related components of lake circulation studzes:
general circulation modeling, high tesolution modeling of the coastal zone, and
development of hydrodynamic forecasting systems.

Introduction

There has been significant progress in lake hydrodynamic modeling,
especiaily in process-oriented studies, during the tast several decades (Schwab,
1992). The earlier focus of physical limnology on shori-term processes such as water
level fluctuations due to seiches or storrn surges was stimulated by the obvious
practical importance of these phenomena. Nowadays, with increases in computer
power, a whole new set of environmental problems can be addressed using
hydrodynamic modeling. In particular, the information on thermal structure and
circulation that three-dimensional models can provide is essential for prediction of
the transport and fate of biogeochemically important materials in the Great Lakes
both for shert-term and long-terrn planning. The progress in long-term general
circulation modeling will be addressed in the first part of this paper. Next, we will
discuss different approaches to coupling high resolution coastal zone models with the
general circulation models. These models were developed because management of
the coastal zone requires much more detailed information on currents than coarse
resolution general circufation models can provide. Finally, another product of
modemn technology will be described: a hydrodynamic forecasting system for the
Great Lakes. This system represents a significant step in the evolution of large lake
modeling from being used primarily as a research tool to applications involving
operational, real-time forecasting.

Hydrodynamic modeling for the Lake Michigan Mass Balance Project

A three-dimensional primitive equation numerical ocean model, the Princeton
model of Blumberg and Mellor {1987}, was applied to Lake Michigan in support of
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open boundary were coincident with those on the coarse grid model. The element
grid size in the outer layers of the fine resolution grids are gradually reduced. In this
application, the grid size reduced from 1 km to 100 m and eventually to less than 10
m at the harbor facility area. The transition from the coarse grid to the fine grid was
accomplished without interpolation. It was found that the numencal results were
smoother if the elements in the transition layer gradually changed in size.
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Figure 2. Finite element grid system of the Milwaukee Harbor.

Great Lakes Forecasting System

The Great Lakes Forecasting System {GLFS} is a real-time prediction system
that was created for daily forecasting of surface water level fluctuations, horizontal
and vertical structure of temperature and currents, and wind waves in the Great
Lakes., Three-dimensional lake circulation and thermal structure are calculated using
previously described Princeton model (Blumberg & Mellor, 1587), adapted for Great
Lakes use at NOAA Great Lakes Environmental Research Laboratory (GLERL) and
Ohio State University (OSU). The model is driven by time-dependent surface
boundary conditions for wind stress and heat flux. The wave model used in the
GLFS is a parametric model developed jointly at the Canada Centre for Inland
Waters and GLERL (Schwab et al., 1984). The physical parameters predicted by the
wave model are wave height, period, and direction fields. The initial implementation
of the GLFS in 1993 and 1994 produced daily nowcasts of system variables for Lake
Erie from April to December each year (Schwab & Bedford, 1994). In 1995, the
systemn began to use mesoscale meteorological forecasts to produce 24 hour forecasts
of system variables.

In the forecasting mode, the model is run twice per day for a 48 hour period
beginning 24 hours previous to the forecast time, thus generating a 24 hour hindcast
and a 24 hour forecast. Observed meteorological conditions are used to specify
surface boundary conditions for the first 24 hours of the run, The current and
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temperature fields from the model at this point in the run are saved to be used as
initial conditions for the next day's run. These conditions constitute the ‘nowcast' of
the present state of the lake. Since 1995, forecasts from NOAA's National
Meteorological Center Eta mode! (Black, 1994) have been incorporated inta the
system. Forecasts of overlake meteorclogical conditions are used as boundary
conditions for the second 24 hours of the run. The output of this part of the run
constitutes the lake forecast. Marine meteorological data are obtained from Nationat
Weather Service's (NWS) Cleveland Forecast Office for the nowcast portion of the
rn. The numerical models are run on the Ohio Supercomputer Center Cray Y-
MP8/864 Supercomputer.

Output from the numerical model consists of all relevant iwo-dimensional and
three-dimensional fields at hourly intervals. The main products are a set of two-
dimensional color maps of various fields predicted by the GLFS. These maps are
generated each morning and represent the current state of the lakes and a 24 hour
forecast. The maps include water surface elevation, wind speed and direction,
surface water temperature, vertically averaged current, and wave height and direction.
In addition, a time series plot of hourly water levels at three stations in the lake is
produced to show the history for the last 5 days. A sample output map of temperature
cross sections is shown in Fig. 3. This map is a noweast for 8:00 EDT on August 23,
1995. In the shallow western basin of Lake Erie, the surface mixed layer extends all
the way to the lake bottom. In the central and eastern basins, a thermocline is present
between 60 and 80 ft. The map products are stored in a computer-readable format for
downloading via dial-in or Internet aceess to the OSU computer system. They are
also available through GLERL to users of the NOAA CoastWatch network in the
Great Lakes region.
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Figure 3. Sample of output map product from the Great Lakes Forecasting System
for 8:00 EDT on August 23, 1995
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Prospects for the future

Foli implementation of the Great Lakes Forecasting System will include: 1)
extension to all [ive lakes, and 2) inpnt from meteorological forecast medels to
provide 2-day forecasts of lake conditions. It is iinpertant that routine forecasts from
the GLFS will also make it possible to provide open boundary conditions for high
resolution operational nowcasts and forecasts of any limited coastal areas using cither
nested grid finite-difference or finite-element approach. Further improvement in jake
circulation modeling is expected to come from several different sources: refining of
mode! physics and resolution, initial, and boundary conditions. From the point of
view of model physics, the most important improvement will probably come from
incorporation of ice, which is important for the accurate simulation of the heat budget
of a lake, and also because ice modifies the transfer of momentum from atmosphere
to water. Further grid refinement in the general circulation models will allow us to
describe better circulation in the coastal zone and in arcas with steep gradicnts in
bathymctry, and also such processes as coastal upwelling fronts and coastal jets,
thermal bar, internal waves, and mesoscale eddies. WNew obscrvational data, for
example, cloud cover from the GOES-8 satellite, and refined meteorological model
forecasts will result in further improvement of the accuracy of the forcing functions.
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